Abstract
Introduction
numerical technique employed in solving the mathematical model except that the chosen 166 solution procedures should be capable of solving the model accurately. However, this study is limited to the coupled processes of heat transport and fluid flow in a 171 fully saturated and fractured porous media. Figure 1 presents the two-way coupled approach 172 used in this study, the illustration showed the hydraulic process is affected by temperature 173 gradient directly through the change in density and viscosity of the fluid, and the thermal 174 process, on the other hand, is influenced by the convective heat transfer through Darcy's 175 velocity term. For further details on coupled processes in the field of geosciences see [35] .
177
The macroscopic governing equations describing the behaviour of the fully coupled TH model 178 demonstrated in the previous section compels the application of conservation laws of energy 179 and mass. In this study, the derived equations are based on a dual porosity-permeability model 180 (the model that accounts for rock matrix and fracture properties as a separate continuum).
181
Therefore, this section will derive the partial differential equations for both the fluid flow and 182 heat transport using the dual porosity-permeability approach are given here.
183
The law of conservation of mass governs the fluid flow expression in porous media, 184 and the law states that the mass inflow subtracted by the mass outflow is equal to the total mass 185 accumulated by a system. Thus, the conservation of mass fluid in porous matrix system is the fracture that is assumed to be distributed over the entire domain. Two different approaches
218
can be used to determine the matrix-fracture transfer term f Q , as described in [37] [38] [39] .
219
However, in this study, the latter model [40] is chosen and is given as where b is the fracture aperture.
234
Substituting equation (13) into (12), and inserting output back into equation (9) , and 235 also replacing the first term in bracket of equation (9) 
However, it is critical to note that solving equations (8) 
where E A is the energy per unit volume is given 
Similarly, the conservation of fracture energy within a matrix block is given by 
284
where Ω is the domain of interest and Γ is the boundary.
286
In the case of BC's, they can be defined in two different kind that include the Dirichlet BC Γ
287
, and the Neumann BC q Γ . For the fluid flow, the Dirichlet pressure BC can be imposed as a 288 constant value either at the injection/extraction wellbore boundaries, or far-field boundaries as
290
The Neumann BC for the fluid flow can be prescribed as a mass flux normal to the boundary 291 surface or at the injection/extraction wellbore boundaries as
where n is normal to the boundary. Also, sometimes it can be employed as no-flow boundaries 294 by setting equation (23) to zero.
295
In the case of heat transfer, the Dirichlet temperature BC can be imposed as a value (in the case 296 of isothermal condition) at the injection wellbore boundary or far-field boundaries as
298
The Neumann BC for the heat transfer can be imposed as a heat flux normal to a boundary or
299
as an injection wellbore boundary (in the case of non-isothermal condition), which is given as
In addition, the Neumann BC can also be prescribed as heat flux value at the heat outflow BC 302 in the production wellbore boundary using the expression for the convective heat transfer as
.
305
The boundary value problem presented in the previous section, for example equations (8) 
is satisfied for a set of arbitrary functions ϕ and φ , which is equivalent to satisfying differential 
Expression (31) is an approximation to the integral defined in equation (28) and results in a set 326 of equations for the unknowns i a , which can be written as
where K is the stiffness matrix, a is the unknown field; and f is the load matrix defined as 
By limiting the choice of the weighting functions [42] , such that
Applying the Green's theorem on the first portion of equation (34) 
The same procedure applied to the fluid flow when used in the energy balance equation in (18), also applying the Green's theorem to the second portion of equation (18), yields
Equations (37) and (40) 
By the introduction of equation (41) into equations (37) and (40); then applying the Galerkin 361 FEM, and replacing the weighting functions w and ŵ with the corresponding shape functions
Further discretising equations (44) and (45) gives
where P K is the compressibility matrix; p M is the permeability matrix; 
The above equations are represented in matrix form as
Similarly, by applying the procedure of FEM solution obtained in (52) and (53) to the fracture 383 equations in (14) and (20), yields (52) and (53), by
For the discrete fracture equations (55) and (56), the solution is obtained from The convergence termination criterion employed for the nonlinear iterations in the study is the 411 weighted Euclidean norm, which terminates the iteration solutions when the relative tolerance 412 exceeds the relative error computed [46] , given as To verify the solution capabilities described, a simple two-dimensional (2D) model is analysed where max b is the aperture at the centre and x′ is the normalised local coordinate systems. Table   433 1[47] presents other parameters used in the numerical simulation of the porous media. producer are inclined to angles of 10º and -10º, respectively.
458
Moreover, a single fracture intersects the reservoir through the overburden down to the 459 underburden layer as in Figure 5 (a). The fracture dips at an angle of 60º, which is a normal 460 faulting regime to be precise with an approximated aperture of 50 mm. and for the hydraulic process is 30 l/s (injection flow rate). Moreover, explicit details of the 470 boundary conditions used in the geothermal reservoir model are provided in Table 3 . and heat recovery after extraction.
461

482
The mesh convergence study of the proposed geothermal reservoir has been examined Also, it should be noticed that the temperatures of the right boundaries are kept equal 521 to the initial temperature of the reservoir until the cold-water front reaches the boundary, and 522 after that, the temperature of the boundary starts increasing as presented in Figures 7(c-f) . In a nutshell, the temperature of the reservoir was monitored using the parameters given 539 above at production wellhead with a simulation period of 30 years. In all the cases and scenarios, it is observed that as the injection rate increases, the reservoir 576 temperature decreases rapidly. Moreover, the injection temperature and the well spacing also 577 have some effects on the production rate. The maximum temperature is achieved when the 578 injection temperature is at its lowest and well spacing is at its largest, then combined with the 579 lower injection rate as shown in the figures presented. variation of the 10°C case with remaining scenarios is that after equilibrium is reached for 618 cooling the higher injection rate propagates faster to the production wellbore than the former.
619
Likewise, Figure 9d shows similar breakthrough curves as in Figure 9c with little difference 620 concerning the starting period of decline and the transition phases of the 10°C injection due to 621 the increase in the injection flow rate. Apart from those points, all other trend remains the same.
622
In all the scenarios studied, it is observed that there were no significant changes in the produced 623 temperature from the reservoir. well spacing, the temperature begins to decrease just after 0.8 years of the simulation period.
645
Concerning the 700 m lateral wellbore spacing, the decline starts after approximately 9.4 years.
646
Moreover, after a simulation period of 30 years, the produced temperature for the closer well 
653
In all the scenarios, it is observed that as the lateral well spacing increases, the 654 production temperature rises.
656
Energy extraction rates
657
The model adopted in this investigation is the one proposed by Kruger [49] [50] for the 658 calculations of the total energy extraction in all the scenarios and cases, expressed here as analysis is investigated for a broad range of the parameters and operational scenarios. The 700 injection flow rate has a significant effect on energy production as the rate increases, the energy 701 extraction rate rises, and the system lifetime decreases. Thus, higher injection flow rate is a 702 positive factor in production and, at the same time, a negative factor on reservoir lifespan. In 703 the case of fluid injection temperature, the effect is less significant to production because, as 704 the injection temperature increases, the extraction energy declines rapidly and the reservoir lifespan increases. The well lateral spacing also behaves similarly to the injection flow rate, 
